A field experiment was conducted in alpha lattice design in subtropical region of Nepal in the wheat crop to determine the association between yield and yield attributing traits through correlation and path analysis. The result showed highly significant variations among the genotypes for all the traits under study. Simple correlation coefficients revealed that the association of grain yield with biological yield followed by harvest index, plant height, thousand grain weight and Area Under SPAD Retread Curve (AUSRC) at anthesis were positive and highly significant (at 1% level of significance). The positive and significant (at 5% level of significance) association of grains per spike followed by flag leaf area with grain yield was also found. Path analysis showed that biological yield and harvest index had the highest positive direct effect on grain yield. While other traits contribute to the grain yield significantly indirectly via biological yield and harvest index. This suggests that biological yield and harvest index having significant positive correlation and high direct effect on grain yield explained the true relationship and the direct selection of the genotypes through these traits is effective for improving yield potentiality.
INTRODUCTION
Wheat (Triticum aestivum L.) is the third most important staple food crop both in terms of area and production after rice and maize in Nepal with yield potential of 2.49 t ha -1 (MoAD, 2014) . This yield is far below than the most wheat producing countries of the world and is not sufficient to fulfill the demands of growing population of Nepal. To minimize the prevalent yield gap and to provide food security in developing countries like Nepal, major efforts of wheat breeders have been directed towards improving its grain yield and development of varieties which *Corresponding author email: dip_ayer@hotmail.com, ayerdk@gmail.com are high yielding and adaptable to wide range of environment. Chhibber and Jain (2014) reported that the traits affecting and influencing yield needs to be identified and selection has to be exerted on those characters which show a close association with grain yield. In agronomic and breeding studies, correlation coefficients are generally employed to determine the relation of grain yield and yield components. Simple correlation coefficients revealed that thousand-grain weight, number of grains per spike, and plant height showed significant positive correlations with grain yield (Reza et al., 2014) days to maturity had significant positive correlation with spike length and biological yield and grain yield (Gelalcha and Hanchinal, 2013) , grain yield had positive correlation with peduncle length, spike length, grains per spike and 1000-grain weight, whereas, negative correlation with days to heading, plant height and tillers per plant (Iftikhar et al., 2012) . Mohammadi et al. (2012) , Tsegaye et al. (2012) and Zafarnaderi et al. (2013) also reported negative relationship between days to flowering and grain yield per plant in their studies in advanced wheat lines. Ali and Shakor (2012) , Anwar et al. (2009) and Bhutta et al. (2005) also reported that estimation of the correlation between yield and its components alone is not sufficient to understand the importance of each one of these components in determining the grain yield. Path coefficient analysis provides more information among variables than do correlation coefficients since this analysis provides the direct effects of specific yield components on yield and indirect effects via other yield components (Arshad et al., 2006 , Del Moral et al., 2003 . In agriculture, path analyses have been used by plant breeders to assist in identifying traits that are useful as selection criteria to improve crop yield (Dewey and Lu, 1959, Milligan et al., 1990) . A study on path analysis, Iftikhar et al. (2012) , indicated that 1000-grain weight had the highest positive direct effect on yield followed by spike length and days to heading while, plant height, grains per spike and peduncle length had negative direct effect on yield. So, these results suggested that traits such as spike length and 1000-grain weight having positive correlation and direct effect on grain yield can be used as suitable selection criteria to develop high yielding genotypes. The purpose of this study, therefore, was to estimate correlation between yields and yield attributing traits as well as the direct and indirect effects of these component traits on yield. The information so derived could be exploited in devising further breeding strategies and selection procedures to develop new varieties of wheat with high yield potentiality.
MATERIALS AND METHODS

Field Experiment
Fifty wheat genotypes including Gautam (a released variety) were investigated in the research field of the Institute of Agriculture and Animal Science (IAAS), Rampur Campus, Chitwan, Nepal in the normal growing season of 2014-2015. The soil type was sandy loam. The experiment was laid out in alpha lattice design with two replications. The plot size was 4m. X 1.5m. = 6 m 2 each and row spacing in each plot for wheat sowing was 25 cm. The spacing between two plots was 50 cm and inter spacing between two replications was 1m. Other recommended cultural practices for wheat production were applied during the growing season to raise a good crop.
Data Recorded and Analysis
Observations and measurements were recorded from five randomly selected plants per plot (excluding border plants) for each genotype separately for the following sixteen quantitative yield attributing traits: days to flag leaf emergence (DFL), days to booting (DB), days to heading (DH), days to anthesis (DA), flag leaf area (FLA), area under SPAD retread curve (AUSRC), days to flag leaf senescence (DFLS), days to maturity (DM), plant height (PH), spike length (SL), peduncle length (PL), grains per spike (GS), thousand grain weight (TGW), biological yield (BY), harvest index (HI) and grain yield (GY). DFL, DB, DH, DA, DF and DM were recorded based on the 50% population observation, FLA was recorded in cm 2 , DFLS was recorded as the date in which 50% of the flag leaves had lost their 90% green color and turned yellow, PH, SL, PL were measured in cm., TGW in grams, AUSRC with SPAD value and yield was converted to Kilograms per hectare for the analysis. Statistical analysis was carried out using Microsoft Office Excel 2013, R-studio (v. 0.99) and SPSS (v. 21) . Analysis of Variance (ANOVA) for alpha lattice design was estimated by using methods suggested by Donner and Osman (2007) .
RESULTS
Correlation Coefficients
Days to flag leaf emergence vs grain yield
Days to flag leaf emergence had non-significant but negative correlation with grain yield. Days to flag leaf emergence had highly significant and positive correlation with days to anthesis followed by days to heading, days to booting, days to maturity, days to flag leaf senescence. It had highly significant negative correlation with 1000 grain weight followed by HI, FLA and peduncle length.
Days to booting vs grain yield
Days to booting had non-significant and negative correlation with grain yield. It had highly significant and positive correlation with days to anthesis followed by days to heading, days to maturity and days to flag leaf senescence. It exhibited highly significant negative correlation with 1000 grain weight followed by HI. It had significant negative correlation with flag leaf area.
Days to heading vs grain yield
It showed non-significant and negative correlation with grain yield. It exhibited highly significant and positive correlation with days to anthesis followed by days to maturity, and days to flag leaf senescence. It had highly significant negative correlation with harvest index. It showed significant but negative correlation with thousand grain weight.
Days to anthesis vs grain yield
It exhibited non-significant but negative correlation with grain yield. It had highly significant positive correlation with days to maturity followed by days to flag leaf senescence. It showed highly significant negative correlation with 1000 grain weight followed by HI and FLA. It showed significant positive correlation with AUSRC at anthesis followed by spike length. It indicated significant negative correlation with peduncle length.
Flag leaf area vs grain yield
FLA exhibited significant positive correlation with grain yield. It had highly significant positive correlation with peduncle length followed by thousand grains weight and BY. It showed significant positive correlation with plant height.
Area under SPAD retread curve (AUSRC) at anthesis vs grain yield
AUSRC showed highly significant positive correlation with grain yield. It also showed highly significant positive association with GS followed by BY. It had significant positive correlation with days to flag leaf senescence followed by plant height and days to maturity.
Days to flag leaf senescence vs grain yield
Days to flag leaf senescence showed non-significant and positive correlation with grain yield. It had highly significant and positive correlation with DM followed spike length, plant height and BY.
Days to maturity vs grain yield
Grain yield had non-significant negative correlation with DM. DM showed highly significant and positive correlation with spike length. It showed highly significant negative correlation with 1000 grain weight. It exhibited significant but negative correlation with HI.
Plant height vs grain yield
Grain yield exhibited highly significant and positive correlation with plant height.PH had highly significant positive correlation with BY followed by peduncle length.
Spike length vs grain yield
Spike length showed positive correlation with grain yield. It had significant negative correlation with 1000 grain weight but non-significant positive correlation with grains per spike followed by peduncle length and BY.
Peduncle length vs grain yield
It indicated positive correlation with grain yield. It showed highly significant positive correlation with 1000 grain weight and significant positive correlation with biological yield.
Grains per spike vs grain yield
It indicated significant positive correlation with grain yield. It showed significant positive correlation with BY. It showed positive correlation with HI and negative correlation with 1000 grain weight.
Thousand grain weight vs grain yield
It indicated highly significant positive correlation with grain yield. It exhibited significant positive correlation with HI and positive correlation with BY.
Biological yield vs grain yield
It exhibited the highest highly significant positive correlation with grain yield. It showed positive association with HI.
Harvest index vs grain yield
It indicated highly significant positive correlation with grain yield.
Path Analysis
In this paper, the results shown are interpreted for the values with low, moderate and high effects only.
Direct effects on grain yield
The highest (0.30-0.99) positive direct effect on grain yield was exhibited by biological yield (0.737) followed by harvest index (0.555). The positive direct effect on grain yield was also exhibited by thousand grain weight (0.072) followed by days to flag leaf emergence (0.063), days to maturity (0.054), days to booting (0.043), days to heading (0.032), flag leaf area (0.018) and grains per spike (0.010). While days to anthesis followed by AUSRC at anthesis, days to flag leaf senescence, plant height, spike length and peduncle length had negative direct effect on grain yield with the values of -0.072, -0.044, -0.037, -0.028, -0.006 and -0.006 respectively.
Indirect effects on grain yield Days to flag leaf emergence vs grain yield
Days to flag leaf emergence exhibited positive direct effect on grain yield with value of 0.063. It also showed moderate (0.20-0.29) indirect negative effect on grain yield via harvest index (-0.242).
Days to booting vs grain yield
Days to booting exhibited negligible direct positive effect on grain yield (0.043) while days to booting showed moderate negative indirect effect on grain yield via harvest index (-0.206 ).
Days to heading vs grain yield
Days to heading had positive direct effect (0.032) on grain yield. It also exhibited moderate negative indirect effect on grain yield via harvest index (-0.209 ).
Days to anthesis vs grain yield
Days to anthesis exhibited negative direct effect (-0.072) on grain yield. It also showed moderate negative indirect effect on grain yield via harvest index (-0.255).
Flag leaf area vs grain yield
Flag leaf area exhibited positive direct effect (0.018) on grain yield. It also had moderate positive indirect effect on grain yield via biological yield (0.274).
AUSRC at anthesis vs grain yield
AUSRC at anthesis (SPAD chlorophyll) had negative direct effect (-0.044) and had moderate positive indirect effect via biological yield (0.296) while low positive indirect effect via harvest index (0.106) on grain yield.
Days to flag leaf senescence vs grain yield
Days to flag leaf senescence exhibited negative direct effect (-0.037) and moderate positive indirect effect on grain yield via biological yield (0.274).
Days to maturity vs grain yield
Days to maturity showed positive direct effect (0.054) and low (0.10-0.19) negative indirect effect on grain yield via harvest index (-0.163).
Plant height vs grain yield
Plant height unveiled negative direct effect (-0.028) and had high (0.30-0.99) positive indirect effect on grain yield via biomass yield (0.412).
Spike length vs grain yield
Spike length revealed negative direct effect (-0.006) and low positive indirect effect on grain yield via biological yield (0.107).
Peduncle length vs grain yield
Peduncle length demonstrated negative direct effect (-0.006) and moderate positive indirect effect via biological yield (0.227).
Grains per spike vs grain yield
Grains per spike exhibited positive direct effect (0.010) and moderate positive indirect effect on grain yield via biological yield (0.238) and low positive indirect effect via HI (0.133).
Thousand grain weight vs grain yield
Thousand grain weights showed direct positive effect (0.072) and low positive indirect effect on grain yield via biological yield (0.166) and harvest index (0.193).
Biological yield vs grain yield
The highest (0.30-0.99) positive direct effect on grains per plant was exhibited by biological yield (0.737).
Harvest index vs grain yield
The high positive direct effect of harvest index (0.555) on grain yield was exhibited.
DISCUSSION
There were significant differences among the genotypes for all characters reported here due to diverse genetic background of advanced wheat genotypes used in this experiment.
Correlation and Path Analysis
In the present research, for BY and HI, highly significant and positive correlation was observed with grain yield with values of 0.836** and 0.700** respectively and the direct effects were also positive and highest with values of 0.737 and 0.555 respectively (Table 1 & 2). This suggests that there were little or no indirect effects of these traits on grain yield and whatever relationship existed with grain yield was direct. Singh and Chaudhary (1979) suggested that if the correlation coefficient between a causal factor and the effect is almost equal to its direct effect, the correlation explains the true relationship and the direct selection through these traits is effective. Therefore, these traits (BY and HI) could be used as selection criteria for improving wheat grain yield. Fellahi et al. (2013) , Gelalcha and Hanchinal (2013) , Tsegaye et al. (2012) also obtained similar result. This implies that selection of wheat genotypes on the basis of biomass yield and harvest index would be beneficial for increasing wheat grain yield.
The correlation coefficient of plant height (0.390**), thousand grain weight (0.386**) and AUSRC at anthesis (0.372**) were also observed to be highly significant and positive with grain yield. The direct effects of these traits with values -0.028, 0.072, -0.044 respectively indicated the negligible effect on grain yield (Table  1 & 2) . Similar results for 1000 grain weight with grain yield were also found by Suleiman et al. (2014) , significant positive correlation of plant height with grain yield by (Reza et al., 2014) and negative direct effect of plant height on grain yield by Iftikhar et al. (2012) and Suleiman et al. (2014) . This indicates that indirect effect seems to be the cause of high correlation showing indirect positive effect through BY and HI on grain yield are the possible cause of positive correlation and negative direct effects are because of the negative indirect effects of the other traits, so these traits are to be considered simultaneously for the selection of wheat genotypes. These findings also tell that increase in thousand grain weight and AUSRC at anthesis increases the grain yield by increasing biomass yield and harvest index. So, while selection of the genotypes for higher grain yield through these traits, BY and HI should also be considered simultaneously in selection. Grains per spike (0.361*) exhibited significant positive association with grain yield and also showed positive direct effect on grain yield with value of 0.010 which is negligible. This indicates that the positive and significant correlation of GS is due to the moderate positive indirect effect of the GS on grain yield through BY (0.238) and low positive indirect effect via HI (0.133). GS had positive and significant correlation with grain yield which was also reported by Gelalcha and Hanchinal (2013) . Flag leaf area (0.348*) depicted significant and positive correlation and negligible direct effect (0.018) with grain yield but moderate positive indirect effect on grain yield via BY (0.274). This indicates that casual factor BY should be considered in selection if the selection is to be made through flag leaf area. This also indicates that higher the flag leaf area higher will be the grain yield. Suleiman et al. (2014) also revealed that leaf area index had negative direct effect on yield.
DFLS, SL and PL also showed positive correlation and negative direct effect on grain yield. It indicates that DFLS and PL contribute to grain yield indirectly moderately via BY and SL contribute with low indirect effect via BY. This indicates that these three traits also have importance in breeding of wheat and the genotypes with longer reproductive phase and longer spike length and peduncle length should be selected for wheat improvement. Hence, for selection breeding, indirect casual factor BY and other positively contributing factors should be considered if selection is made through DFLS, SL and PL. Similar correlation results for SL and PL were also revealed by Zafarnaderi et al. (2013) .Negative direct effect of peduncle length on grain yield was also reported by Iftikhar et al. (2012) . DFL, DB, DH and DM exhibited negative correlation with grain yield but negligible positive direct effect on grain yield. The negative correlation of DA and DH with gain yield was also reported by Mohammadi et al. (2012) , Tsegaye et al. (2012) and Zafarnaderi et al. (2013) . The negative correlation is due to the moderate negative indirect contribution of the DFL, DB and DH on grain yield via HI (-0.242. -0.206, -0.209 respectively) and that of DM via low indirect effect of HI (-0.163 ). Days to anthesis had negative correlation and negative direct effect on grain yield. The negative correlation is due to the negative indirect effect of DA on grain yield via HI (-0.255) and other negatively indirectly contributing factors indicating that the early maturing genotypes with longer reproductive phase are better for obtaining high grain yield. These traits indicating relatively non-significant correlation and negligible direct or indirect effect on grain yield are of relatively poor importance in selection breeding for increasing grain yield in these advanced wheat genotypes. Biological yield with flag leaf area, AUSRC at anthesis, days to flag leaf senescence and plant height, individually, showed highly significant and positive inter se association. Similarly, harvest index with days to flag leaf emergence, days to booting, days to heading and days to anthesis, individually, showed highly significant negative inter se association.
Therefore, while selection of the wheat genotypes for increasing grain yield, the yield attributing traits which shows significant correlation and exhibit positive direct and indirect effect with considerable magnitude on grain yield are to be considered in selection and are of importance in breeding strategies.
CONCLUSION
Correlation analysis results showed that the association of grain yield with biological yield followed by harvest index, plant height, thousand grain weight and AUSRC at anthesis were positive and highly significant whereas positive and significant with grains per spike and flag leaf area indicating that these traits were yield determinative traits. Besides, path analysis revealed that the biomass yield followed by harvest index had the highest positive direct effect on grain yield whereas high positive indirect effect of plant height and moderate positive indirect effects of AUSRC at anthesis, flag leaf area, days to flag leaf senescence, peduncle length and grains per spike on grain yield through biological yield. Strong correlation and positive direct effect of thousand grain weight with grain yield on the one hand and negative direct effect and strong correlation of plant height with grain yield revealed that the selection of these genotypes with high thousand grain weight and moderate plant height should be emphasized while selection for improving grain yield. Therefore, selection of wheat genotypes with high biological yield and high harvest index along with simultaneous consideration of moderate plant height and high thousand grain weight is a prerequisite for attaining improvement in wheat grain yield.
